We investigated relationships between population dynamics and microclimate, physiology, and the degree of mycorrhizal colonization, for three species (Piscidia piscipula L.(Sarg.)) (Fabaceae), Bunchosia swartziana Griseb. (Malpighiaceae) and Psidium sartorianum (Bergius) Nied. (Myrtaceae)) of a tropical sub deciduous forest in Yucatan, Mexico that were growing in plots of different successional ages. We hypothesized that abundance and persistence were related to increased plasticity in CO 2 assimilation. We found that Piscidia piscipula had greater abundance in intermediate plots (18 to 21 years), presented higher levels of plasticity in CO 2 assimilation (greater variability among individuals, plots, and seasons), presented the highest CO 2 assimilation rates, and presented greater drought resistance (higher water potentials and capacitance). Conversely, Psidium sartorianum had greater abundance in older plots (more than 50 years of secondary succession), lower assimilation rates, and low levels of plasticity in CO 2 assimilation. Bunchosia had intermediate values. Locally, the degree of mycorrhizal colonization was consistent with abundance across plots. Regionally (but not locally), plasticity in CO 2 assimilation was consistent with abundance. We found differences in microclimates among plots and within plots among species. Physiological adjustments appeared to play an important role in the capacity to regenerate and in the successional persistence of these species in this tropical dry forest.
Introduction
Over 90% of existing tropical dry forests are at risk, and although pressures differ among regions, for tropical dry forests in the Americas, climate change has been found to be one of the major threats [1] . Given their ecological and economic importance, there is an urgent need for more information on these systems, especially during stressful periods such as droughts [2] .
Tropical dry and sub deciduous forests present considerable variability in the timing, intensity, and amount of annual rainfall they experience [2] , and forecasts of global change indicate this variability will only become more extreme [3] . In these forests, water availability plays a strong role in ecosystem functions [2, 4, 5] , and seasonal drought is a common factor. The Yucatan Peninsula of Mexico presents We used a chronosequence, which, although presents limitations (e.g., [18] ); have been used successfully to infer mechanisms and processes behind successional change by comparing sites within an area that are known to differ in time since a disturbance [12, 13, 16, 19, 20] .
We hypothesized the following: (1) Levels of plasticity, measured as variation in photosynthetic rates within and among individuals of a given species, would be positively related to species abundance. (2) Species would differ in their abundance of individuals of different size among plots (size classes were used instead of age categories-for example, saplings, juveniles, and adults-because of the difficulty of assigning developmental stage). Additionally, these differences would be associated with physiological and morphological traits of the species; in particular, successful species in young plots would also have higher photosynthetic rates, higher light saturation values, and higher incidence of mycorrhizal structures, when compared with species with lower abundance and regeneration capacity in young plots. Success, in this case, would be categorized as being present as adults (large size classes), and regenerating (producing saplings and juveniles of smaller size classes). (3) Microclimatic conditions at the leaf level would differ among plots with different time since disturbance (higher light and temperature would be observed in the younger plot, compared with the older one), but, because all plants were of a similar size (height and diameter) and growing in the understory, microclimate would not differ among species in a given plot. (4) As a result of differences in microclimate and soil conditions among plots (higher light and lower nitrogen in younger plots), we hypothesized that when plants of the same species were compared across plots, individuals growing in the younger plots would present higher photosynthetic rates, lower water potentials, lower specific leaf area (SLA), lower percent N, higher percent C, and higher incidence of mycorrhizal colonization when compared with individuals of the same species growing in older plots.
To address the above hypotheses, we collected climate data for our study area and investigated aspects of population dynamics (juvenile recruitment and mortality over a three-year period) for the three species growing in plots of different time since disturbance (young: 10 to 13 years; intermediate: 18 to 21 years; and old: more than 50 years of secondary succession). We associated differences in abundance (population dynamics) to select physiological (CO 2 assimilation rates, chlorophyll fluorescence, and water relations) and morphological (specific leaf area, percent N and C, and mycorrhizal associations) traits of each species, and to microclimatic conditions at the leaf level of individuals of each species growing in two (intermediate and old) of the three aforementioned plots during the wet season. Also, to further investigate microclimate differences among plots of different age of the chronosequence, we examined microclimate at a coarse level at four sites within each of the aforementioned plots (young: 10 to 13 years; intermediate: 18 to 21 years; and old: more than 50 years of secondary succession) during the dry season.
Materials and Methods

Study Site, Climate, and Microclimate
The study took place in the tropical sub deciduous forest of the Biocultural Reserve of Kaxil Kiuic located toward the center of the Yucatan Peninsula (20 • 04 N, 89 • 35 W) in Mexico. The forest is characterized by trees 12 to 15 m high, mean annual temperature of 26 • C, mean annual rainfall between 1078 and 1220 mm, and a marked dry season during which 50-75% of the trees lose their leaves [21] . The dry season is frequently interrupted by a season referred to as Nortes (January to February) during which time short episodes of rainfall may occur (2-3 days) and temperatures are relatively low (down to~5 • C).
A meteorological station was set up at the field site and climate data over the study period (2007 to 2011) are summarized in Figure 1 . The species examined in this study included two canopy Piscidia piscipula L.(Sarg.) (Fabaceae) and Psidium sartorianum (Bergius) Nied. (Myrtaceae), and one understory species, Bunchosia swartziana Griseb. (Malpighiaceae). Summary characteristics of species are included in Table 1 . (Figure 1 ). Mean annual temperature was 25. 1 ± 0.4 °C (X ± SEM), with a mean maximum of 36.1 ± 0.4 °C , and a mean minimum of 14.4 ± 0.7 °C . The highest temperatures were in the 40 °C range (40.2-42.9 °C ) and generally occurred in May, whereas lowest temperatures occurred December through February. The lowest value registered was 5.8 °C in February 2007 and again in January 2010 (Figure 1 ). Nine permanent plots (three plots in each age class; 50 × 20 m: 1000 m 2 each) of different time since disturbance (10-13 young, 18 to 21 intermediate, and more than 50 years since disturbance, old) were used to study changes in the abundance of each species over three years (2007 to 2009). Three size classes were used as surrogates for plant age. Saplings: individuals less than 1 cm stem diameter (measured at 1.3 m), surveyed every four months to coincide with the wet, Nortes, and dry seasons, in 30 sub-plots of 2 × 1.5 m; juveniles: 1-5 cm stem diameter; surveyed every six months (wet and dry seasons) in sub-plots of 6 × 5 m; and adults: >5 cm diameter; surveyed every six months (wet and dry seasons) in 10 × 10 m sub-plots. Mortality and recruitment were determined for each size class and species in each of the plots of different successional age.
Two of the 50 m × 20 m plots of different age (intermediate and old) were used for the determination of microclimate and for physiological measurements. Microclimate was determined at each plot in the wet season of 2009. For this, photosynthetic photon flux density (PPFD) was measured with gallium arsenide phosphide photodiodes (Hamamatsu Corporation, Bridgewater, NJ, USA; [22] ) placed 1 cm above selected leaves of three individuals of each species within each plot. Also, leaf temperature was measured with copper-constantan thermocouples 0.2 mm in diameter for two leaves of three individuals of each species. Individuals were of similar characteristics (height and size) and in relative vicinity of those used in physiological measurements (with restrictions given by cable lengths). Individuals were chosen growing at microsites qualitatively representative of plot characteristics. Data were recorded every 15 s in a data logger (CR21X, Campbell Scientific Inc., Logan, UT, USA), equipped with a 32-channel multiplexer (AM416, Campbell Scientific Inc., Logan, UT, USA), and 10-min means were stored in a solid-state storage module (SM192, Campbell Scientific Inc., Logan, UT, USA). Microclimate was also determined at a coarse level. Four sites representative of plot heterogeneity were chosen per plot, and daily courses of relative humidity (RH; Compact Whirling Hygrometer, Ertcro, UK), light (Traceable Light Meter, Fisher Scientific, Pittsburgh, PA, USA; measurements were taken in Lux and converted to µmol m −2 s −1 using 1000 lux = 1 klux = 19.5 µmol m −2 s −1 ; [23] ) , and temperature (infra-red -IR-gun thermometer, Minitemp, Raytek, Santa Cruz, CA, USA) were recorded every hour over the course of one day (dry season 2011). A single measurement of relative humidity, four measurements of photosynthetic photon flux density (PPFD; taken at breast height and facing in each of the four cardinal directions), and four measurements of leaf litter temperature and leaf temperature (in each of the four cardinal directions) were recorded. For leaf litter, the IR gun was pointed down at the leaf litter in each cardinal direction and for leaf temperature the IR gun was pointed outward at the first leaf on a plant in each cardinal direction.
Physiological Measurements
For the determination of CO 2 assimilation rates (photosynthetic rates), light curves were measured with an infrared gas analyzer (LI-6400, LI-COR, Lincoln, NE, USA) both in the dry (May 2008) and in the wet (July 2009) season. For maximum apparent photosynthetic electron transport rate (ETR max ), effective yield of photosystem II (quantum yield in light; F m ' − F/F m '), and PSII efficiency (quantum yield of photosynthesis; Fv/Fm) light curves were determined with a Mini PAM (Heinz Walz GmbH, Effeltrich, Germany) fluorometer in the wet season (July 2009). Measurements were taken each morning over three days (both seasons Licor 6400, wet season only, Mini PAM) on a single leaf of each of 4-5 individuals per species per plot. For the determination of leaf traits (specific leaf area: SLA; leaf area (cm)/leaf dry weight (g)), and percent nitrogen and carbon content, one leaf per individual (4-5 individuals), species, and plot was collected at the end of the wet season 2009. Predawn and mid-day leaf water potentials were measured in both the wet and dry seasons in both plots. Leaf water potential measurements (Ψ) were determined using psychrometric chambers (C-30, Wescor Inc., Logan, UT, USA) and a micro voltmeter (HR33, Wescor Inc., Logan, UT, USA). In the dry season, relative capacitance of foliar tissue for each of the three species was obtained from curves of Ψ and relative water content (RWC). RWC was determined as follows: (fresh weight − dry weight)/(saturated weight − dry weight) of the samples [24] . Water potential (Ψ) measurements of water saturated tissue samples were followed by Ψ measurements of air dried samples (for 1-2 min) using a vapor pressure osmometer (Vapro 5520, Wescor Inc., Logan, UT, USA).
To check for the presence of mycorrhizal associations, root tips from ten individuals per species and plot were sampled. The stem of each individual was followed (excavated) underground and young non suberized adventitious roots were sampled. Root samples were kept refrigerated and surveyed for presence/absence of mycorrhizal structures by clarifying with 10% KOH in a water bath at 90 • C for about 20 min; rinsing, and acidifying roots in 2.5% HCl. After acidification roots were stained with 0.05% trypan blue and examined under the microscope (procedure modified from Koske and Gemma, 1989 [25] with suggestions from S. Greipsson).
Statistical Analyses
Repeated measures analyses of variance (ANOVAR, SPSS 15 or 18, Chicago, IL, USA) were used to compare light curves (Licor 6400) among species, plots and seasons. For these, if Mauchly's test of sphericity was not met and epsilon values were <<1, then multivariate analyses of variance (MANOVAR, SPSS 15 or 18, Chicago, IL, USA) were used (as per [26] ). Factorial analyses of variance (fluorescence) and standard univariate analyses of variance (mycorrhizae) and/or t-tests (mean maximum assimilation rates, minimum water potentials) were used for comparisons of means (SPSS or Excel). For comparisons involving small sample sizes, additional non-parametric Mann Whitney U tests (SPSS 18, Chicago, IL, USA) were performed.
Results
Climate
Climatological data for Kaxil Kiuic indicated an average cumulative rainfall per year of 795 mm and was higher in the first two years of the study 
Population
Population data from 2007 to 2009 showed marked differences among species in their relative abundance of saplings, juveniles, and adults among plots of different age (young 10 to 13 years, intermediate 18 to 21, and old more than 50 years of secondary succession, Figure 2 ). Piscidia piscipula had few saplings across the three plot ages (eight total), and the mean number of juveniles and adults for this species was highest in the youngest plot (Figure 2a ). All P. piscipula saplings were found in plots of less than 22 years of secondary succession (designated as young and intermediate in this study). Over a three-year period no recruitment of saplings was observed, but there was sapling mortality, suggesting that recruitment may be very low and limited to areas of relatively early succession. Furthermore, juveniles were more abundant in younger areas (quadrats of less than 22 years; in some of which they grew to adults) than in older ones (those of more than 50 years of secondary succession). Adults of the species were found in all three categories of successional age (plots), but only had recruitment (growth of juveniles) in plots of less than 22 years, and mortality was only registered in older plots (more than 50 years). 
Population data from 2007 to 2009 showed marked differences among species in their relative abundance of saplings, juveniles, and adults among plots of different age (young 10 to 13 years, intermediate 18 to 21, and old more than 50 years of secondary succession, Figure 2 ). Piscidia piscipula had few saplings across the three plot ages (eight total), and the mean number of juveniles and adults for this species was highest in the youngest plot ( Figure 2a ). All P. piscipula saplings were found in plots of less than 22 years of secondary succession (designated as young and intermediate in this study). Over a three-year period no recruitment of saplings was observed, but there was sapling mortality, suggesting that recruitment may be very low and limited to areas of relatively early succession. Furthermore, juveniles were more abundant in younger areas (quadrats of less than 22 years; in some of which they grew to adults) than in older ones (those of more than 50 years of secondary succession). Adults of the species were found in all three categories of successional age (plots), but only had recruitment (growth of juveniles) in plots of less than 22 years, and mortality was only registered in older plots (more than 50 years). Bunchosia swartziana had relatively low numbers of individuals across all plots, had a greater number of saplings (compared with juveniles or adults) in all plots, and the number of saplings increased with plot age (Figure 2b ). However, B. swartziana only had one adult at one plot, and the results from sapling dynamics showed an almost neutral balance between recruitment and mortality, with a slightly greater mortality. Of the three species, Psidium sartorianum had the highest abundance across plots, and sapling abundance was greatest in the young and intermediate plots (less than 22 years since disturbance) and lowest in the old plot (more than 50 years of secondary succession; Figure 2c ). Mean number of juveniles for P. sartorianum was greatest in the older plots and adults were only found in older plots (Figure 2c) . Overall, B. swartziana had the lowest and P. sartorianum had the greatest abundance among the three species across plots (Figure 2a-c) . Bunchosia swartziana had relatively low numbers of individuals across all plots, had a greater number of saplings (compared with juveniles or adults) in all plots, and the number of saplings increased with plot age (Figure 2b ). However, B. swartziana only had one adult at one plot, and the results from sapling dynamics showed an almost neutral balance between recruitment and mortality, with a slightly greater mortality. Of the three species, Psidium sartorianum had the highest abundance across plots, and sapling abundance was greatest in the young and intermediate plots (less than 22 years since disturbance) and lowest in the old plot (more than 50 years of secondary succession; Figure 2c ). Mean number of juveniles for P. sartorianum was greatest in the older plots and adults were only found in older plots (Figure 2c) . Overall, B. swartziana had the lowest and P. sartorianum had the greatest abundance among the three species across plots (Figure 2a-c) .
Microclimate and Fluorescence:
Large differences were seen in fine scale microclimate data in light (PPFD µ mol m −2 s −1 ) and temperature (°C ) among plots (Figure 3a All species had a greater mean maximum electron transfer rate (ETR max ) in the intermediate plot in the morning, and rates declined progressively for noon and afternoon mean values (Table 2 ). This was not the case for the old plot, where mean ETR max values were highest at noon for all three species (Table 2) . A factorial analysis of variance indicated significant effects of plot (F (1) = 6.120; p = 0.018), time of day (morning, noon, or afternoon, F (2) = 5.698; p = 0.007), and for the plot*time* interaction on ETR max (F (2) = 6.950; p = 0.003), but not a significant effect of species for an α of 0.05. Among species, the greatest ETR max registered was for P. For leaf litter, the IR gun was pointed down at the leaf litter in each cardinal direction and for leaf temperature the IR gun was pointed outward at the first leaf on a plant in each cardinal direction.
Seasonal and Plot Differences in CO2 Assimilation:
Multivariate analyses of variance with repeated measures indicated significant effects of season (F = 7.883; p = 0.008) and species (F = 7.068; p = 0.011) on CO2 assimilation light response curves, but no significant overall effect of plot (F = 3.586; p =0.066) ( Figure 5 ). With the exception of the old plot in the wet season where Bunchosia had the highest response curve, Piscidia piscipula had the highest response curves in all other instances. 
Seasonal and Plot Differences in CO 2 Assimilation:
Multivariate analyses of variance with repeated measures indicated significant effects of season (F = 7.883; p = 0.008) and species (F = 7.068; p = 0.011) on CO 2 assimilation light response curves, but no significant overall effect of plot (F = 3.586; p =0.066) ( Figure 5 ). With the exception of the old plot in the wet season where Bunchosia had the highest response curve, Piscidia piscipula had the highest response curves in all other instances. Between seasons, the largest difference in CO2 assimilation curves was for Piscidia in the old plot ( Figure 5 ). For P. piscipula (Table 3 and Figure 5 ), the mean maximum assimilation rate (Amax) was almost two times greater in the old plot during the dry season compared with the same plot during the wet season (8.2 ± 1.35 versus 4.9 ± 0.81 μmol m −2 s −1 ; Table 3 ). In addition, P. piscipula was the only species that showed a significant difference among plots in Amax. In the wet season P. piscipula had a significantly greater Amax in the intermediate plot compared with the old plot (9.4 + 1.3 versus 4.9 + 0.81 mol m −2 s −1 respectively. t-test p < 0.05; Table 3 ). Between seasons, the largest difference in CO 2 assimilation curves was for Piscidia in the old plot ( Figure 5 ). For P. piscipula (Table 3 and Figure 5 ), the mean maximum assimilation rate (A max ) was almost two times greater in the old plot during the dry season compared with the same plot during the wet season (8.2 ± 1.35 versus 4.9 ± 0.81 µmol m −2 s −1 ; Table 3 ). In addition, P. piscipula was the only species that showed a significant difference among plots in A max . In the wet season P. piscipula had a significantly greater A max in the intermediate plot compared with the old plot (9.4 + 1.3 versus 4.9 + 0.81 mol m −2 s −1 respectively. t-test p < 0.05; Table 3 ). 
C, N, Water Relations, and Mycorrhizae
Percent C and N showed no consistent patterns among plots, and the difference was only significant for percent N in leaves of P. sartorianum that had significantly greater %N in the older plot (one tailed t-test p = 0.04; df = 7; Table 4 ). For all species, the mean specific leaf area was greater in the older plot, however differences between plots were not statistically significant (t-test p > 0.05). For plant water relations, maximum (pre-dawn) and minimum (midday) water potentials showed significant differences among seasons and species but not among plots. All species had lower minimum leaf water potentials in the dry season (t-test p < 0.05, Figure 6 ). Among the three species, B. swartziana had significantly lower mean minimum leaf water potentials (Ψ = −8.0 MPa; Figure 6 ) and significantly lower leaf osmotic potentials compared with the other two species (Figure 6 ; t-test p < 0.05 for each). For mean leaf water and osmotic potentials, values for B. swartziana were followed by values for P. sartorianum (Ψ = −6.0 MPa), and leaves of P. piscipula had the greatest Ψ values (−2.0 MPa; Figure 6 ), and also showed the greatest levels of relative leaf capacitance (Figure 7 ). ) were not statistically significant, differences between seasons were significant (t-test p < 0.05).
Species
Figure 7.
Curves of water potential (MPa) and relative water content (RWC) for the determination of relative capacitance of the study species. RWC was determined as: (fresh weight − dry weight)/(saturated weight − dry weight) of the samples. Measurements of water saturated tissue samples were followed by measurements of air dried samples (for 1-2 min) using a vapor pressure osmometer (Wescor Inc., Logan, UT, USA).
The percent incidence of mycorrhizae per species and plot (from youngest to oldest plot, i.e., young, intermediate, old) was, for P. piscipula 100, 58, and 50 percent; for B. swartziana 90, 80, and 90 percent; and for P.sartorianum 60, 67, and 100 percent. There appeared to be a slight effect of plot and species on mycorrhizal presence/absence. Univariate analyses of variance suggested a species*plot interaction p = 0.057 and showed a difference in mean mycorrhizae presence among plots t-test p = 0.045.
Discussion
The three species studied exhibited within species variation in abundance along the successional gradient. Piscidia piscipula had more individuals in the young successional sites, Psidium were not statistically significant, differences between seasons were significant (t-test p < 0.05). ) were not statistically significant, differences between seasons were significant (t-test p < 0.05).
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The three species studied exhibited within species variation in abundance along the successional gradient. Piscidia piscipula had more individuals in the young successional sites, Psidium sartorianum Curves of water potential (MPa) and relative water content (RWC) for the determination of relative capacitance of the study species. RWC was determined as: (fresh weight − dry weight)/(saturated weight − dry weight) of the samples. Measurements of water saturated tissue samples were followed by measurements of air dried samples (for 1-2 min) using a vapor pressure osmometer (Wescor Inc., Logan, UT, USA).
The three species studied exhibited within species variation in abundance along the successional gradient. Piscidia piscipula had more individuals in the young successional sites, Psidium sartorianum in the old successional sites, and Bunchosia swarziana was present at low abundance at all sites. All of the species were subjected to drought stress irrespective of the forest age, because a prolonged dry season with high air temperatures was ubiquitous to all the plots. Nevertheless, because of differences in canopy cover, microclimatic differences between plots of different ages were found. Light readings recorded above understory individuals of the three species followed predictions and were significantly higher in the intermediate plot compared with the old plot, with P. psicipula being more prevalent in the more exposed sites within those plots. In agreement with these microenvironmental differences and the differential distribution among plots of different ages, P. psicipula presented a series of physiological traits related to higher light and water stress tolerance, while P. sartorianum had traits to deal with shade tolerance and B. swartziana showed intermediate traits.
We had hypothesized that levels of plasticity, measured as variation in photosynthetic rates within and among individuals of a given species, would be positively related to species abundance (H1) and that species would differ in their abundance of individuals of different size among plots (e.g., saplings, juveniles, and adults), and that these differences would be associated with physiological and morphological traits of the species (H2). Species distribution among plots supported our second hypothesis and prediction for P. sartorianum, which based on physiological traits, was expected to present a greater abundance in older plots. Dupuy et al. (2012) [13] also found that P. sartorianum was among the dominant species in plots older than 15 years on flat areas, but not in younger plots or plots located on hills. Our results may also suggest a density dependent mortality for this species as juveniles in young plots had greater recruitment than mortality, but the opposite trend was found in older plots. The site with the highest density of adults (>50-year-old site; old) was also the one with the highest juvenile mortality. The low abundance of Bunchosia across plots was not expected (H1; but see below). B. swartziana presented the lowest overall abundance, whereas P. sartorianum presented the greatest abundance. In northern Yucatan where conditions are drier, González-Iturbe et al. (2002) [16] found that although its presence varied by location, B. swartziana was present in plots of all ages (which for that study comprised ages of 10 years, 15 years, and more than 20 years of secondary succession). Their results also indicated that Bunchosia was among the species that contributed 45 to 50% of the importance value in "intermediate" (~15 years) and "advanced" (much more than 20 years) successional plots and all sites. However, other studies in our same study area have found that B. swartziana was present in different forest age classes, but at low abundances (J M. Dupuy pers. obs.) In northern Yucatan adults of P. piscipula (≥3 cm DBH) were present in sites of all successional ages [16] , as it was in ours, but at our site abundance of all stages was highest in the young plot. Dupuy et al. (2012) [13] also report P. piscipula among the ten most dominant species across different forest age classes.
Differences in microclimate among plots followed predictions (H3), with the younger plots exhibiting higher light and temperature. However contrary to our predictions (H3, second part; that because all plants were of similar size (height and diameter) and growing in the understory, microclimate would not differ among species in a given plot), differences in the microclimatic conditions of the three species in a given plot were also observed, with individuals of P. piscipula receiving higher light and leaves exhibiting higher temperatures than individuals of the other two species. These differences at the individual level may have resulted by chance (sampling error) or from a combination of physiological differences and differences in survival of seedlings under different microclimate (temperature, light, leaf-litter cover, etc.). These results suggest the need for a more detailed study of microclimate variability within plots and its potential effect on seedlings.
Differences in leaf temperature may have resulted from differences in cooling at the leaf level (e.g., Flexas et al., 1999 [27] studying grapevines, found higher leaf temperatures in plants subjected to drought, presumably as a result of stomatal closure). Leaf size and microenvironment influence leaf energy balance and growth [28, 29] and, despite P. piscipula potentially having the deepest roots among the three species (see below), it also had the largest leaf area, thus being in the most exposed microenvironment can be advantageous for this species during the rainy season, but not in the dry season.
Microhabitat conditions have been found to play an important role in seed germination and survival [30] [31] [32] . In this study, significant differences were found in microclimate at a coarse level both between plots (higher mean and maximum light in the intermediate-18-21-year-old-plot compared with the old ≥50 year old-plot during the dry season of 2011) and within plots at different sites. Ground level leaf litter temperature reached quite high maximum values (61 • C in the young plot: 10 to 13 years old (data not shown), and 56 and 52 • C in intermediate and old plots respectively), posing quite strenuous conditions at the leaf litter surface, and suggesting that leaf litter cover may be a strong buffer to high temperatures at the ground level, especially during the dry season, in this forest.
We predicted that differences in abundance across plots would be associated to functional traits of each species (H2, H4). Differences in light use among the species were evident in the light response curves performed, and consistent with results from population dynamics. Carbon dioxide assimilation values were greater in P. piscipula, whose population dynamics also included a higher number of juveniles and adults in the young plot. Carbon dioxide assimilation was lower in P. sartorium, the old plot species, and B. swarztiana had intermediate values across plots.
Regarding the association between persistence and plasticity (H1), this hypothesis did not seem to be supported at the local level, but did seem to be consistent with the regional distribution and abundance of species. Light curves for CO 2 assimilation in P. piscipula showed the highest variation among individuals, plots and seasons. This high degree of plasticity is consistent with its designation as dominant species in central Yucatan [7] and it being found across the Peninsula. On the other hand, light curves for P. sartorianum a species with a more restricted regional distribution (but highest abundance at our site), showed the least variation among individuals, plots, and seasons. Carbon dioxide assimilation in B. swarztiana showed greater plasticity and higher overall rates than P. sartorianum.
Although there was a significant effect of season (and species) on CO 2 assimilation light response curves (MANOVAR p < 0.05); contrary to what has been found in other studies (e.g., [33] ), the season effect did not translate into consistent increases in mean maximum assimilation rates for the wet season. Because relatively small levels of water stress may result in decreased CO 2 assimilation [34] and given that stomatal responses have been found linked to chemical signals from the roots when soil dries [35, 36] , we expected to find increased CO 2 assimilation rates in the wet season (or, conversely; lower rates in the dry season). Only P. sartorianum had higher mean maxima in the wet season. Furthermore, for P. piscipula assimilation rates were higher in the dry season. This lack of an increase in assimilation rates across species in the wet season however, may have been the result of the relatively low rainfall of 2009, which had the lowest recorded rainfall for a wet season over the five-year study period.
Differences in microclimates between plots may have affected maximum electron transport rates (ETR max ). For all species in the intermediate plot ETR max values were higher in the morning and declined progressively for noon and afternoon values, whereas in the old plot, where microclimate conditions were milder, the higher ETR max values were seen at noon. Intermediate plot ETR max responses were probably a result of a combination of light (highest at noon) and vapor pressure deficit (higher at noon and in the afternoon; data not shown), leading to a lack of recovery of morning ETR max values. Old plot ETR max with high noon values were probably influenced by the lower light environment of the morning and afternoon hours in the old plot. Our data are consistent with that of Ribeiro et al., 2005 [37] . They looked at photosynthesis in tropical species under different irradiance and found that under high light conditions, pioneer species exhibited higher ETR at mid-morning and afternoon, but under milder light (34% of full sunlight) they exhibited higher ETR values at noon.
The differences between the three species in photosynthetic capacity shown by the assimilation light response curves were not evident in the ETR max values. This may be because ETR max measurements were instantaneous and are not representative of the full spectrum of responses to light, better represented in the light response curves. Alternatively, higher than expected ETR rates in P. sartorianum, (which exhibited low CO 2 assimilation rates), may have been the result of other light driven processes that increase ETR but do not translate into assimilation (e.g., O 2 reduction; [38] ).
Given that drought first affects stomatal closure, and that internal leaf metabolic processes are frequently not affected until leaf relative water content decreases below~70%, decreases in F v /F m are usually not linked to water stress, but may indicate other stressors such as heat or photoinhibition [34] . Predawn values of F v /F m (quantum yield of photosynthesis) registered for P. piscipula (0.80 and 0.81) and B. swartziana (0.81 for both plots) were probably indicative of some level of overnight repair of potential photo-damage. For P. sartorianum Table 2 ), which could point towards high light levels having a stronger effect on P. sartorianum and/or the species being more susceptible to heat. Brestic et al. (2012) [39] applied heat treatments in the dark to winter wheat (Triticum aestivum L.) and found that a dark heat treatment at 40 • C brought about a decrease in F v /F m. The same authors also found that plants could exhibit acclimation effects on photosystem II (PSII) photochemical efficiency. These effects were associated with an enhanced PSII thermostability induced by increases in daily temperature maxima above 30 • C [39] . Other authors have also found significant differences in the levels of heat susceptibility and extent of thermotolerance among species, and within species based on habitat of provenance or genetic variety [40, 41] . In addition, plant species frequently have large capacities for plastic acclimation of photosynthetic thermotolerance, with the magnitude of plasticity within species sometimes exceeding that of differences among congeners [40] . Because of the high temperatures registered at our field sites, the potential strong impact of heat on photosynthesis [34] , and because periodic extreme leaf temperatures may induce higher temperature photosynthetic acclimation [39] [40] [41] ; we would expect species in this environment to present mechanisms to cope with heat either through acclimation or species specific adaptations.
Although PSII is thought to be quite drought resistant; in drought susceptible groups prolonged drought may lead to damage in PSII photochemistry [42] and the interactive effects of heat and drought may impinge strongly on plant physiology. Common garden experiments done with European beech (Fagus sylvatica L.) from populations that differed in altitude of origin found very small differences in gas exchange parameters among populations, but strong differences in in PSII photochemistry. The authors propose that these differences may represent adaptations and acclimations related to photoprotective functions. Future experiments should investigate potential differences in heat and light acclimation and adaptation between P. sartorianum and P. piscipula, the two species that appear to follow opposing strategies in our study.
Regarding water use, species and seasons had a significant effect on water potentials, but differences among plots were not statistically significant. As expected, all species presented strategies to deal with limited water availability. However, each of the three species had different strategies. P. psicipula, which was more abundant in the young plots and presented light use traits of a pioneer species, was also the species with the greatest apparent drought tolerance. P. piscipula had the highest water potentials and capacitance; deep roots, and in young plots, high levels of mycorrhizal colonization. The mycorrhizal association may contribute both to high nutrient acquisition needed to maintain the observed high CO 2 assimilation rates, and to additional water supply [43] . A study by Tamayo-Chim et al. (2011) [44] found that Piscidia piscipula presented a high degree of plasticity in its response to drought, potentially increasing water storage in the stem (as evidenced by an increase in stem diameter) during drought and modifying root length with water availability.
From digging for mycorrhizae, a potential relationship between rooting depth and plant age (stem diameter) was apparent in Piscidia piscipula. Stems of smaller (presumably younger) individuals of P. piscipula continued deep underground before roots were found, whereas larger individuals presented more superficial roots, to the extent that we were only able to obtain samples for mycorrhizae analysis from larger individuals. A similar relationship between tree size and (in that study) depth of water use; with larger trees preferentially tapping into more shallow water sources was found by Meinzer et al. (1999) [45] in Panama. A study by Estrada-Medina et al. (2013) [46] analyzed source water use by Piscidia piscipula in Northern Yucatan and found that this species appeared to use primarily shallow water sources. In that study however, only "trees" were sampled. Potential differences in source water use with respect to tree size require further investigation in this species.
Bunchosia swartzianna followed P. piscipula in drought tolerance. Bunchosia's strong potential to tolerate dry conditions, degree of plasticity in assimilation rates (see above) with an ability to maintain high rates under high light (see Figure 5 b, where assimilation was consistently higher in the intermediate plot in the dry season) may combine to allow B. swarztiana to be a better competitor under harsher conditions, such as those found in Northern Yucatan, where the species is abundant. Psidium sartorianum showed evidence of tolerance to low water potentials, reaching a mean minimum of −6 MPa in the dry season, but also had the lowest leaf capacitance among the three species.
Although not investigated in this study, seed traits may also reflect the different pioneer/late successional species strategies of P. piscipula and P. sartorianum. Wind dispersed seeds, such as those exhibited in P. piscipula are more frequent in open canopies, while as the canopy closes in the more mature sites, and wind currents diminish, seeds are more frequently dispersed by animals [5] , as observed for P. sartorianum and B. swartziana.
The three species presented contrasting patterns of percent mycorrhizal colonization. The two canopy species had opposite trends. P. piscipula had the highest mycorrrhizal colonization on individuals in young plots and P. sartorianum had the greatest percentage on individuals in the old plot. Bunchosia swartziana had high mycorrhizal colonization across all plots. Although an unexpected result, differences in colonization among species were consistent with other findings of, for example, P. piscipula as a pioneer, and P. sartorianum as a late successional species, with these species showing greater mycorrhizal colonization percentage in the plots where they were most abundant.
Conclusions
The combined characteristics of Piscidia piscipula, a deciduous species, are consistent with a pioneer species [37] or a "long lived pioneer". This designation is also consistent with data on its population structure (Yazmín Martínez Téllez, unpublished Masters' thesis) and population dynamics found in our study. They suggest a species whose strategy for success includes a high level of plasticity and high photosynthetic (and potentially high growth) rates, coupled with deep roots in young individuals and high mycorrhizal colonization in young plots, both of which probably aid in water uptake, maintaining a positive water balance, and high water potentials especially during the dry season.
The behavior of Psidium sartorianum, an evergreen with low assimilation rates, was consistent with a late successional species [37] , and indicative of a potentially slow growing species that (eventually) reaches the canopy, which would be expected to be more prevalent in old growth forests.
Although Psidium sartorianum had the highest abundance among the three species in our study area, its absence in Northern Yucatan suggest Pisidium may require mild conditions, as those found in the center of Yucatan, and may be precluded from the more northern drier areas of the Peninsula. The low variation in CO 2 assimilation rates for P. sartorianum suggests that it may have a lower capacity to modulate CO 2 uptake in response to environmental change.
Data indicating a high abundance for Bunchosia swartziana (an evergreen species) in Northern Yucatan, as reported by González Iturbe et al. (2002) [16] , where conditions are dryer, indicate this species' strategy for success includes a strong tolerance for drought, and as found in our study, this is potentially achieved through osmotic adjustment, coupled with an ability to withstand very low water potentials, and maintain high assimilation rates, virtually identical in the wet and dry seasons across plots.
Our study points toward a need to investigate the extent of large differences in temperature and light over small spatial scales (microclimate effects) and their potential effects on seedling establishment and survivorship.
For all three species physiology seemed to play a strong role in the capacity to regenerate and the ability to prevail in the understory of this tropical dry forest.
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